Runoff models such as the Curve Number (CN) model are dependent upon land use and soil type within the watershed or contributing area. In regions with internal drainage (e.g. wetlands) watershed delineation methods that fill sinks can result in inaccurate contributing areas and estimations of runoff from models such as the CN model. Two methods to account for this inaccuracy have been 1) to adjust the initial abstraction value within the CN model; or 2) to improve the watershed delineation in order to better account for internal drainage. We used a combined approach of examining the watershed delineation, and refining the CN model by the incorporating of dual hydrologic soil classifications. For eighteen watersheds within Wisconsin, we compared the CN model results of three watershed delineation methods to USGS gaged values. We found that for large precipitation events (>100 mm) the CN model estimations are closer to observed values for watershed delineations that identify the directly connected watershed and use the undrained hydrologic soil classification.
Introduction
Water reaches a stream by a variety of mechanisms, including direct precipitation, overland flow, shallow subsurface flow, and base flow. Overland flow is generated by two main processes: infiltration excess flow and saturation excess flow. Infiltration excess models are based on the soil's infiltration capacity.
When precipitation rates exceed the infiltration capacity, then overland flow is assumed to occur. Saturation excess models assume once soil storage has reached capacity, then overland flow will occur. The two methods differ not only in the mechanisms of how overland flow is generated, but also the types of events that generate runoff and the locations within a watershed where overland flow is most likely to be generated first. In infiltration excess models, high intensity events of short duration will likely generate overland flow in higher sloped areas where the soil is thin or clay is present. Runoff in saturation excess models is likely to occur during gentle, longer duration events in low lying areas such as valleys where the soil layer is well developed.
Storm hydrographs are separated into two components: direct runoff and base flow. The direct runoff category consists of the combination of direct precipitation, overland flow, and shallow subsurface flow. Direct precipitation is usually assumed to be a negligible contribution to direct runoff. Depending upon basin characteristics, usually overland flow is considered to be the largest contributor to direct runoff, and most runoff models focus on this aspect of direct runoff [1] .
The Natural Resource Conservation Service (NRCS), formerly known as the Soil Conservation Service, curve number model is an empirical model that conceptually is intended to represent direct runoff (direct precipitation, overland flow, shallow subsurface flow) and can contain both saturation and infiltration excess processes. The curve number model assumptions and development have a bias toward saturation excess processes. This bias was noted by its developer Victor Mockus [2] [3] . To examine this bias, we present the model and assumptions in detail.
Rainfall excess (R) is considered to occur when
where P is rainfall volume and S is storage volume (both on and in the soil). If we develop an ideal proportional relationship, then S R S P = ′
Such that S is the storage available, S′ is the storage at saturation, R is the rainfall excess, and P is the precipitation volume (where all values are in mm). Equation (2) relates the precipitation volume to the storage at saturation. If we solve equation 1 for S and substitute into Equation (2), then we obtain the following:
The model assumes a certain amount of water from any precipitation event is not available for runoff, and it is referred to as initial abstraction. Initial abstraction (I a ) describes water on the surface that evaporates or is intercepted by canopy.
Storage and initial abstraction were found to have an empirical relationship where I a is equal to 0.2S [4] . This relationship between I a and S limits S′ to eighty percent of storage (S), and thereby allows for the substitution of a percen- Variations and augmentations to the CN model tend to focus on improving its ability to better account for soil infiltration and antecedent soil moisture. Some observations about the mechanics of Equations (4) and (5) are of interest to this discussion of soil moisture and infiltration. Once S is calculated from the CN model the assumption is that if there is room within the soil matrix (represented as S), precipitation from the storm will go into storage. Additionally, the precipitation variable is depth of the total storm, not the intensity. in sinks compared to two different models that did not fill in sinks and accounted for them differently. They found that overall there was not a significant difference between the models' ability to account for runoff, except in the case of larger storms (>100 mm).
Troolin and Clancy, 2016 did not compare drained versus undrained areas (the dual hydrologic soil classification mention above). In particular, areas near wetlands have high water tables and often are not well drained areas. Even for the watershed delineation methods that excluded sinks from the delineated region, the areas adjacent to internal drainage would remain [7] .
In this study we expand upon the Troolin and Clancy, 2016 by adding eight watersheds to the original ten for a total of eighteen watersheds and by examining the hydrologic soil dual classification impact on the NRCS CN runoff results to match observed storms within gaged watersheds. We compared the drained hydrologic classification to the undrained classification for three delineation methods: one that fills all sinks, one that removes all sinks, and one that only includes the landscape that is directly connected to the floodplain. Our rationale for the study is that the dual classification will better highlight the differences in the accuracy of the modeled CN runoff compared to the runoff obtained from USGS gages [7] .
Study Area
The using a watershed delineation method that fills in sinks [8] . Watersheds were selected based upon the following criteria: 1) ten years of USGS gaging station daily flow observations; 2) ten years of corresponding daily precipitation data from NOAA near the USGS gage; and 3) a range of land cover types.
Methods

Delineation Methods
Digital Elevation Models (DEM) are a required input into all three delineation methods. The DEMs used in this study are products of the USGS National Elevation Dataset (NED) and are of a ten-meter resolution [9] . The standard fill method (SFM) is part of the Hydrology Toolbox in ArcMap 10.2 for watershed delineation. This toolbox is derived from the D8 flow direction algorithm published
by Jenson, 1998 [10] and is a standard method used for watershed delineation [7] [11] [12] . The SFM is derived from a filled DEM and assumes that all areas inside the watershed boundary will contribute runoff to the outlet. The two methods being compared to the SFM in this study are the Cut Method (CM) and the Potential Contributing Source Areas Method (PCSAM). In this study areas identified by the SFM and not by the CM or PCSAM are considered internal drainage.
The CM and PCSAM both attempt to account for internal drainage in different ways, but the PCSAM has significantly higher amounts of GIS input data re- of the SFM. The watershed area is only decreased by the amount and spatial extent of the sinks that are eliminated. The CM is not considered to be data intensive because it can be done entirely within ArcMap using the Spatial Analyst Tool
Kit and does not require any additional data inputs. The only additional steps a user must take are to create two additional grids; one as a product of the Raster
Calculator and another as the final product of the CM after reclassification (Figure 3) .
The PCSAM is more complex than the SFM and CM in that it requires additional data and time. The delineation is performed in a way that is almost opposite of the SFM and CM. Whereas the SFM and CM delineate the watershed from the highest topographic points inward, the PCSAM delineates from the stream network outward. It does this by assuming that the land immediately adjacent to the stream network will contribute to runoff and that any areas upslope from the drainage network will also contribute. The ICA raster is built within ArcMap using the aforementioned data. Three polygon layers representing water bodies adjacent to streams, wetlands adjacent to streams, and a buffer around the stream network must be created before they can be merged together and converted to a raster that serves as the ICA, the second input into the PCSAM program.
To build the wetland polygons 2011 NLCD data [17] were extracted using the Extract by Mask Tool found in the Spatial Analyst Toolkit. The SFM delineation was used to set the spatial extent of the NLCD data extraction. The wetland land cover areas were identified using the Select by Attributes Tool, and these selected data were exported as a raster representing wetlands within the watershed. This wetland raster was then converted to a polygon feature class using the Raster to Polygon Tool within the Conversions Toolkit. The Select by Location Tool was used to determine which wetland polygons intersected the stream layer in order to export them to their own "intersecting wetlands" polygon feature class. Intersecting water bodies were also identified using the same tool and water bodies that intersected the stream layer were exported to an "intersecting water bodies" polygon feature class. The third polygon feature class was created using the Buffer 
Using Curve Number to Calculate Runoff Volume
The spatial data used to create CN layers in this study were the 2011 NLCD da- 
Storm Selection and Modeled Runoff Calculation
Curve number runoff was modeled with precipitation data having at least ten consecutive years of record and matching discharge data from USGS gauging stations to compare modeled values to observed [17] [20] . If more than one precipitation station was in the watershed, the precipitation values for each storm were calculated using the Theissen polygon method [1] . Precipitation data were sorted to isolate only summer months (June-September) in order to exclude freeze/thaw events.
For the modeled runoff calculated from a CN layer representing drained hydrologic soil conditions (with dual groups A/D, B/D and C/D), storms were selected by peak runoff from. During storm selection for modeling drained conditions, precipitation data was restricted to values within one standard deviation of the mean. When selecting storms to model runoff using the undrained hydrologic soil condition CN layer, storms were selected based on precipitation intensity and were unrestricted by standard deviation. Storm intensity was calculated using a Java program to identify storm events. The program identified storms that had at least two days prior with less than .02 cm precipitation, as well as two days after. The intensity values were generated by calculating the sum of precipitation per storm divided by the duration in days.
For each watershed 5 -10 storms were identified. CN runoff was calculated using the delineation rasters to determine area and the CN runoff values for each pixel to determine depth per pixel in mm. These area and depth measurements were combined to generate modeled runoff volume in m 3 in order to compare to runoff data. Discharge data were obtained from USGS gaging stations and values for runoff were obtained using the USGS Hydrograph Separation Program (HYSEP) [21] and the USGS Web Hydrograph Analysis Tool [22] .
Statistics
Total observed runoff data were derived from the hydrograph separation. The 
Results
For the eighteen watersheds within this study, the SFM watershed area ranged Table 1 .
The major land use categories are summarized in Table 2 for each watershed by delineation method. For the SFM, agriculture represented the largest land use category (43%), followed by forest (33%), urban (12%) and wetland (7%). The CM and PCSAM land use differed the most from the SFM in the wetland land use category. On average the CM had a lower percentage of wetland land use by 50 percent in some watersheds, and the PCSAM had higher percentage of wetland use by 500 percent in some watersheds (see Table 2 for details).
We also compared observed runoff from the USGS gage to runoff calculated from the CN model. Figure 5 (a) and Figure 5 (b) illustrate the absolute value of the normalized error (see Equation (6)) for the precipitation values. In Figure   5 (a) we use the drained hydrologic soil classification, and in Figure 5 (b) we use the undrained hydrologic soil classification. In Figure 5 (a) we find that for storm events less than 100 mm the three delineation methods do not perform statistically differently. For storm events larger than 100 mm we find the SFM and CM are not statistically different. In Figure 5 (b) the PCSAM performed better than the SFM and CM, for both precipitation storms greater and less than 100 mm.
In Figure 6 (a) and Figure 6 (b), we show the relationship between percent forest cover and absolute value of normalized error for the drained (a) and undrained (b) hydrologic soil types. In general, the overall trend is that as forest cover increases, the absolute value of the normalized error decreases. With higher percent forest (> 40%) the PCSAM method performs better than the other models using the undrained hydrologic soil type. For lower percent forest, the delineation methods are not statistically different. 
Discussion
The SFM and CM have similar land use, which may be an indicator that the ArcMap step of "filling" the DEM is associated with errors within the DEM and that the pixels "filled" are random and do not have bias toward a particular land cover type. Overall there is no significant different between the SFM and CM land use percentages (p-value > 0.05). The wetland category is of particular interest because wetlands are known to represent areas of internal drainage [7] [14]. The PCSAM differs from SFM significantly (p-value < 0.05) in the areas of urban and wetland, which is to be expected because the PCSAM method uses the stream buffer and wetlands as input to the delineation method. Urban areas away from the stream with no direct connection to the drainage area would be excluded from the PCSAM. The results of the land cover percentages for the different watersheds indicate that the CM may simply be discarding areas within the watershed that are truly connected, and the process of filling pits may be appropriate.
Overall the PCSAM performance is better for larger storms (>100 mm), as shown in Figure 5 (a) and Figure 5(b) . This finding is similar to Troolin and Clancy, 2016; however, with the larger data set, the PCSAM was found to have a difference associated with using the dual hydrologic soil classification [7] . In
Troolin and Clancy, 2016 there was no statistically significant difference (pvalue > 0.05) between the delineation methods [7] . For this study, we found using the undrained hydrologic soil classification yielded very different results. The PCSAM had significantly lower error (p-value < 0.05) than the SFM and CM. In Overall the PCSAM performance is better for larger storms (>100 mm), as shown in Figure 5 (a) and Figure 5 (b). This finding is similar to Troolin and Clancy, 2016; however, with the larger data set, the PCSAM was found to have a normalized error 50% less for larger storms (compared to 3%). For smaller storms (<100 mm), there was no statistical difference (p value > 0.05).
Conclusions
The three methods of delineation did not show a significant performance difference, except in the case of the large precipitation events, the PCSAM did per- Additionally, we have found that the SFM and CM are not significantly different, and methods to capture the contributing area of a watershed will not be improved by a CM. The PCSAM, which does require more processes, may be a better choice in regions with greater than 30 percent forest, wetland, or agriculture. In particular, the delineation performs very well for large precipitation events using an undrained hydrologic soil classification.
